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Abstract. Leaky surface modes on an ultra-thin anisotropic gold metasurface are 
directly observed through scattering-type scanning near-field optical microscopy (s-
SNOM). Surface modes are excited by focussing light onto a resonant silicon nano-
sphere positioned on the surface by nano-manipulation under electron-beammonito-
ring. The light scattered from the nano-sphere is ableto excitesurface modes with a 
broad range of wavevectors.The asymmetric air-metasurface-insulator structure 
supports a leaky surface mode which is confined at the top interface and leaks into the 
higher-index substrate.s-SNOM near-field mapping of the leaky surface wave is in 
good agreement with the results of the full-wave simulationsof the electro-magnetic 
modes on the structure. 
1.  Introduction 
Metasurfaces are two-dimensional periodic arrays of subwavelength elements[1]. Due to strong 
interaction of the incident light and thesubwavelength scatterers forming the metasurface,abrupt 
changes of optical amplitude and phase can be introduced, which enablethe manipulation ofthe flow of 
light within ultra-smallvolumes. Metasurfacescan also be used to guide surface waves, such as surface 
plasmon polaritons (SPPs).The dispersion ofmodes on plasmonicmetasurfacescan be tailoredintothe 
isotropic, elliptical or hyperbolic regimes leading to exoticpropagation behaviourofsurface waves such 
as negative refraction, self-collimation and channelling of surface waves[2].Here, we report onthe 
excitation and direct near-field mapping of leaky surface modeson an ultra-thin anisotropic 
metasurface by using a resonant silicon nano-sphere for excitation and s-SNOMfor mode detection. 
2.  Methods 
s-SNOM combines spectroscopic capabilities with subwavelength resolution down to the tens-of-
nanometer scale. This technique is suited for direct mapping of optical surface modes on 
subwavelength structures. In our experiment, light (  = 850   ,   ≈ 10   ) is focused onto an 
oscillatingcantilever tipwhich is scanned withinthe surface near-field region along the sample-air 
interface. The probing tip thus acts as a nanoantenna, which scatters a part of theelectromagnetic 
surface wave from the near-fieldinto the far-field, where it is detected using pseudo-heterodyne 
detection. 
The sample under study is a periodic array (with square unit-cell size of (200   ) ) of gold nano-
disks with elliptical base on a fused silica substrate. The lengths of the long and short axes are 175 
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and140   , respectively, and the thickness of 
asymmetrically interfaced between air and its 
metasurfaceare excited by shining the focused 
sphere which has a diameter of 210
techniques supervised by electron
3.  Results 
Figure 1(a)shows the s-SNOM near
near the centre of the figure (position marked by t
direction of the incident light parallel 
wave pattern, originating from the nano
sphere, with the incident light [4]
near-field images of the gold nanodisks
Fourier filtering to leave only the wave interference signal
Fourier transform of figure 1(b)
ringpattern with an offset from the centr
light(      ). For better visibility, the rings
represents the wavevector of the 
the measurement. 
 
Figure 1.(a) Near-field image of interference 
surface wave excited at the nano-sphere. 
pattern of the gold dots of the meta
incoming light with the leaky surface wave as 
Identification of the leaky mode 
modelled as a discrete electric dipole 
interfacing, a leaky surface mode with 
metasurface-air interface, and leaks
substrate.  
We thus identify the observed surface mode 
wavevector (    <     ), this mode 
[3],while bound  modes studied 
illumination conditions of our experiment and are thus not identified in the s
reported here. 
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